Background The differential diagnosis of supraventricular tachycardia with concentric atrial activation usually requires the inducibility of sustained tachycardia and needs a complex and time-consuming electrophysiological evaluation. To develop a simple test to establish if ventriculoatrial conduction uses a posteroseptal accessory pathway or the normal conduction system, we compared the ventriculoatrial intervals during right ventricular pacing from apical and posterobasal sites.
Background The differential diagnosis of supraventricular tachycardia with concentric atrial activation usually requires the inducibility of sustained tachycardia and needs a complex and time-consuming electrophysiological evaluation. To develop a simple test to establish if ventriculoatrial conduction uses a posteroseptal accessory pathway or the normal conduction system, we compared the ventriculoatrial intervals during right ventricular pacing from apical and posterobasal sites.
Methods and Results Continuous pacing was performed from an apical and a posterobasal right ventricular site in 34 patients with retrograde conduction over the normal conduction system (group A) and in 22 patients with conduction over a posteroseptal accessory pathway (group B). During apical pacing, ventriculoatrial intervals in group A (176±40 milliseconds) were not significantly different than those in group B (197±47 milliseconds, P=NS). During posterobasal pacing, T he diagnosis of a concealed atrioventricular accessory pathway frequently requires some electrophysiological workup, since the electrocardiographic signs of preexcitation during sinus rhythm are lacking and the ability of the standard surface ECG to recognize its presence during tachycardia is limited.1 If retrograde atrial activation during supraventricular tachycardia (SVT) is concentric, the diagnostic possibilities include atrioventricular nodal reentry (AVNR) and atrial tachycardia as well as atrioventricular orthodromic reciprocating tachycardias (AVRT) mediated by the septal accessory pathway. The latter is established if ventricular extrastimuli delivered during His bundle refractoriness advance the subsequent atrial depolarization.2 Recently, several other phenomena have been described (usually as indexes) that can aid in distinguishing AVRT from AVNR.3-6 However, the recognition of these phenomena requires the inducibility of tachycardia, needs a complex and time-consuming electrophysiological evaluation, and may be difficult in the presence of multiple tachycardia mechanisms.
The purpose of the present study was to develop a simple test to establish if ventriculoatrial conduction group B patients had significantly shorter ventriculoatrial intervals than group A patients (158+46 versus 197±39 milliseconds, P<.01). The difference between the ventriculoatrial interval obtained during apical pacing and that obtained during posterobasal pacing (ventriculoatrial index) discriminated between the two groups without overlapping: It was positive in all group B patients (39±19; range, +10 to +70 milliseconds) and negative in all except two group A patients (-21±+13; range, -50 to +5 milliseconds; P<.001).
Conclusions This ventriculoatrial index can identify accurately and in the absence of tachycardia whether concentric retrograde conduction is proceeding over a posteroseptal accessory pathway or over the normal conduction system. (Circulation. 1994;89:1060-1067.)
Key Words * tachycardia * conduction * intervals uses a posteroseptal accessory pathway. We tested the following hypothesis: If ventriculoatrial conduction proceeds over a posteroseptal accessory pathway, the ventriculoatrial interval (VAI) during stimulation from right ventricular posterobasal sites would be shorter than during stimulation from right ventricular apical sites because of a closer proximity of the former sites to the ventricular insertion of the accessory pathway; conversely, if ventriculoatrial conduction proceeds over the normal conduction system, the VAI during stimulation from right ventricular apical sites may be shorter than from right ventricular posterobasal sites because of an earlier invasion of the His-Purkinje system at the former sites.
Methods Study Patients
We performed prospectively 56 studies in 47 patients in whom a complete electrophysiological workup disclosed the mechanism of 1:1 ventriculoatrial conduction during ventricular stimulation, that being the normal conduction system (group A), or a posteroseptal accessory pathway (group B). Group A (control group) included 34 patients, 20 men and 14 women aged 15 to 65 years (mean, 37+15), and group B included 22 patients, 9 men and 13 women aged 15 to 64 years (mean, 34+16). Twenty patients had a right posteroseptal pathway and two patients had a left posteroseptal pathway, both defined by catheter positioning at the successful ablation site. Nine patients served as their own controls because they Martinez-Alday et al Ventriculoatrial Index in Posteroseptal Accessory Pathways were studied before and after ablation of an accessory pathway; therefore, they were included in both groups. The reasons for the electrophysiological study in group A patients included sustained monomorphic ventricular tachycardia (7 cases), atrioventricular nodal reentrant tachycardia (5 cases), and radiofrequency ablation of an accessory pathway (22 cases).
Electrophysiological Study
All patients gave written informed consent for the electrophysiological study, which was performed in the nonsedated or slightly sedated (morphine or midazolan) postabsorptive state. Antiarrhythmic drugs were discontinued at least for five halflives in all patients. No patient had received amiodarone in the previous 3 months. For the purpose of the diagnostic study, and depending on the characteristics of the documented arrhythmias, we positioned under fluoroscopic guidance two to six quadripolar, hexapolar, or decapolar electrode catheters with an interelectrode distance of 0.2 to 1 cm. Stimulation was performed using a programmable stimulator (Biotronik UHS 20). Bipolar cathodal stimulation was performed at the distal pair of each multipolar catheter. Stimuli were rectangular pulses 1 millisecond in duration at twice diastolic threshold. Data were recorded with a photographic recorder (Honeywell VR 12) at a 100-to 150-mm/s paper speed and stored on magnetic tape using a cassette tape recorder (Honeywell 4728) for later analysis. Three to six surface ECG leads (at least one, aVF and V1) were recorded along with at least two intracardiac bipolar electrograms (atrial and ventricular electrograms). All intracardiac electrograms were filtered at 30 to 500 Hz.
Electrophysiological Diagnosis
In group A patients, the presence of an atrioventricular accessory pathway was excluded according to the following criteria: (1) (4) 
Identification of the Retrogradely Conducting Pathway in Group B Cases
Patients with a posteroseptal accessory pathway have two potential pathways for retrograde conduction with an earliest septal atrial activation. Therefore, special care was taken to ensure that retrograde atrial depolarization occurred exclusively as a result of ventriculoatrial conduction over the accessory pathway and that potential conduction over the normal conduction system did not contribute to retrograde atrial depolarization.
In 5 group B patients, the study pacing protocol (see below) was performed during orthodromic reciprocating tachycardia producing transient entrainment of tachycardia with ventricular fusion.8 By so doing, it is certain that retrograde conduction proceeds exclusively over the accessory pathway since the normal conduction system is being used for antegrade conduction.
In the remaining patients, one of the following criteria was met: (1) absence of ventriculoatrial conduction after radiofrequency ablation of the posteroseptal accessory pathway, making it unlikely that retrograde conduction was proceeding over the normal conduction system in the preablation state (6 cases) or (2) (Tables 1, 2 , and 3 and Fig 3) . In group B, the VAI obtained during apical pacing was longer than during posterobasal pacing in all patients (positive ventriculoatrial index). An example of this behavior is shown in Fig 4. Conversely, in group A, as illustrated in Fig 5, (Fig 3) with 100% sensitivity, specificity, and positive predictive value.
Discussion
The major finding of this study is that the ventriculoatrial index can identify accurately and in the absence way location could explain in part this finding; the possible role of individual differences in intraventricular conduction times remains speculative.
Retrograde Conduction Over the Normal Conduction System
We hypothesized that the VAI during retrograde conduction over the normal conduction system would be shorter with stimulation from an apical site than from a posterobasal site. This hypothesis was based on the classic study by Durrer and coworkers9 on the ventricular endocardial activation sequence. These investigators demonstrated that the endocardial activation of the right ventricular posterobasal area was late (60 to 70 milliseconds later than the midseptum), whereas the activation of the apical area occurred relatively early (within the first 20 milliseconds of ventricular activation). Data from animal studies and intraoperative epicardial mapping of the human heart in a small number of patients are also consistent with these contentions.10-12 It is unclear whether differences in distribution of Purkinje fibers or in fiber orientation in the septum13 account for this activation pattern. We were not aware of similar information about retrograde conduction. However, the hypothesis was formulated with the expectation that the pattern of retrograde conduction would follow, at least in a relative fashion, that of antegrade conduction. In fact, in patients with ventriculoatrial conduction proceeding normally (group A), the mean VAI with apical stimulation was significantly shorter than with posterobasal stimulation (Table 3) . However, in most cases we observed only minor differences, between -30 and -10 milliseconds in 24 of 32 patients (75%), in VAIs, and in 2 patients (patients 2 and 22) the VAIs were identical or even Table 3 ). Conversely, when VAIs were measured during posterobasal stimulation, the mean value was significantly shorter in group B than in group A (Table 3) . However, as shown in Fig 2, In an attempt to avoid these limitations, several other methods have been proposed. Miles et a13 compared the longest coupling interval of ventricular extrastimuli that advanced atrial activation during SVT with the SVT cycle length. The difference between both values (socalled preexcitation index) was found to be small in AVRT with septal accessory pathway; in contrast, in AVNR, the values for the preexcitation index were greater or "unmeasurable" (the atria could not be preexcited) and therefore able to specifically distinguish these two tachycardia mechanisms. More recently, a similar index was derived for entrainment ("entrainment index") but was only studied for AVRT.'5 However, these indexes also require a sustained and regular tachycardia.
To avoid this limitation, Crozier et The possibility that right bundle branch block could alter the significance of the ventriculoatrial index cannot be excluded, particularly when ventriculoatrial conduction proceeds over the normal conducting system. We did not suspect this defect in any of our cases because none of them had antegrade right bundle branch block. However, the pattern of right ventricular activation is unchanged during left bundle branch block and delayed (but without significant changes in the activation sequence) during right bundle branch block. 16 To the extent that this was the case for retrograde conduction defects, they would not alter the significance of the ventriculoatrial index.
In cases of SVT with concentric atrial activation, a concealed anteroseptal accessory pathway is another possibility. This type of accessory pathway is extremely rare (less than 1%),17 and we did not have the opportunity to study any of those during the time of the study. Presumably, the ventriculoatrial index for this type of accessory pathway should be obtained with stimulation from the septal aspect of the right ventricular infundibulum. Clinical Implications irregular, as discussed above. Therefore, its main clinical value will be in those uncommon but difficult eventualities. It can also be useful during catheter ablation of overt posteroseptal accessory pathways. It has been described that ablation can block selectively antegrade conduction of an overt accessory pathway.18 Thus, if retrograde conduction persists after abolition of antegrade accessory pathway conduction and SVT is not inducible, the ventriculoatrial index can help in assessing the persistence of conduction over the accessory pathway. This index also could be of clinical help in the differential diagnosis of "long RP" tachycardias, particularly if the decremental properties of the retrograde limb make it difficult to assess atrial preexcitation.
